TRKI and TRK2 encode proteins involved in K+ uptake in Saccharomyces cerevisiae. A kinetic study of Rb+ influx in trkl TRK2, trkl TRK2D, and trkl trk2 mutants reveals that TRK2 shows moderate affinity for Rb+. K+-starved trklA TRK2 cells show a low-affinity component accounting for almost the total Vmax of the influx and a moderate-affinity component exhibiting a very low Vmax. Overexpression of TRK2 in trklA TRK2D cells increases the Vmax of the moderate-affinity component, and this component disappears in trklA trk2A cells. In contrast, the low-affinity component of Rb+ influx in trklA TRK2 cells is not affected by mutations in TRK2.
K+ uptake in fungi and plants is mediated by transport systems different from those mediating equivalent processes in animal cells or in prokaryotic organisms. But despite the work devoted to these systems, a comprehensive model of K+ transport in cell-walled eukaryotic cells is still elusive, with various models proposed. In part, this reflects the diversity of the organisms studied, but it is also due to the lack of basic genetic studies. However, the molecular genetics of K+ transport in Saccharomyces cerevisiae has developed rapidly during the last years (5) .
S. cerevisiae cells can grow in media with K+ concentrations extending from 2 to 4 F.M K+ (11, 17) to 2.1 M K+ (16) . Growth rates and the K+ contents are almost constant in this wide range of K+ concentrations (11, 14, 17) , and consequently, the K+ uptake system must adapt to provide almost constant net K+ uptake. Furthermore, the system also provides rapid K+ replenishment in K+-depleted cells (14) . To meet these requirements, the Km of K+ influx can take any value from approximately 15 puM in K+-starved cells to 5 mM in cells growing at low-millimolar K+ concentrations (11, 14, 17) , and it may reach values exceeding 50 mM K+ in cells grown at 0.5 M K+ (15) . This broad capacity of adaptation is affected by mutations in two genes, TRK1 and TRK2. TRK1 is clearly involved in high-affinity K+ uptake because trklA cells do not grow at micromolar K+ concentrations and do not exhibit K+ influx Kms in the micromolar range (6, 11) . In trklA cells, disruption of TRK2 increases notably the K+ requirement, and its overexpression restores a wild-type K+ requirement (20) (21) (22) . In contrast, disruption of TRK2 does not have an appreciable effect on TRKI cells. To account for these observations, it has been proposed that TRK2 may encode a low-affinity K+ transporter, dispensable when TRK1 is functional (8, 9) . Both TRK1 and TRK2 are putative membrane proteins (55% identical), but their exact function has not been demonstrated and cannot be deduced from their putative amino acid sequences (6, 9) .
On the basis of the K+ requirements and the K+ and Na+ uptake kinetics of-the K+ uptake mutants, two hypotheses have been proposed to explain the organization of the K+ uptake system of S. cerevisiae: (i) a complex system with different binding sites for K+ or Rb+ and for Na+ (11) and (ii) two independent transporters, a high-affinity system encoded by TRK1 and a low-affinity system encoded by TRK2 (5, 8, 9 (6, 9, 20) , were also used. Standard protocols (19) and manufacturers' recommendations were followed for routine DNA manip-with KCl to obtain the required K+ concentration. Cells were normally grown in the medium with arginine because ammonium greatly increases the K+ requirement (11, 12) , with 3 (14) . Azide-treated cells with different K+ contents were prepared as described previously (14) . Dry weights are used in all references to weights of cells.
Uptake experiments were carried out in 10 mM morpholinoethanesulfonic acid brought to pH 6.0 with Ca(OH)2, containing 0.1 mM MgCl2 and 2% glucose (incubation buffer). The methods for the cell analyses have been described previously (14, 17 (Fig. 1) (13, 14) , the Rb+ influx Km of azidetreated cells was significantly higher than that found in K+-starved cells (compare Fig. 1C and 2 ). An analogous difference in Km for the two types of treatment is also known for TRK1-mediated Rb+ influx (14) , suggesting that the regulation of TRK1 and that of TRK2 are similar. However, for TRK1, Rb+ uptake is activated by decreasing the internal pH with permeant acids (13, 17) , and no such activation occurred in trkl TRK2D cells (experiments like those presented in Fig. 2 performed in the presence of 10 mM butyric acid at pH 5.0). [11, 17] ) and 59 nmol mg-1 h-1 in TRK2 cells (17 nmol The capacity reported here of the trklA TRK2 and trklA trk2A mutants to grow at low K+ is higher than previously reported for the same strains (9) , but the two sets of data are consistent. The differences may be explained by the different nitrogen sources of the testing media; ammonium medium used in the previous report is known to increase the K+ requirement by comparison with arginine used in present work (11, 17) ; in addition, growth rate constants were not reported previously (9) .
The number of the K+ uptake systems. The proposal that TRK1 is a high-affinity K+ transport system and TRK2 is a low-affinity transporter (8, 9) (14, 17) , and it would not be related to the low-affinity mode of K+ uptake (Kms of Rb+ influx of 65 and 6 mM [11] , respectively). Furthermore, with a multiple K+ uptake system, it is difficult to explain that K+, Rb+, Na+, and Li+ are taken up through the same transport system in wild-type strains (2) (3) (4) 11) and that a trkl-l mutation affects K+ or Rb+ uptake much more than These results can be explained if there is a single K+ uptake system composed of one or several unknown proteins in addition to TRK1 and TRK2, the latter being present in a small number of transporters in normal conditions. The main function of TRK1 would be the regulation of K+ influx in response to the K+ content of the cell and to the cell pH (13, 14, 17) . Interestingly, glucose activation of the K+ uptake system (12) would occur in one of the yet unknown proteins because activation is normal in trklA trk2A cells (1).
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